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The expertise of others is a major social inﬂuence on our everyday decisions and actions.
Many viewers of art, whether expert or naïve, are convinced that the full esthetic appre-
ciation of an artwork depends upon the assurance that the work is genuine rather than
fake. Rembrandt portraits provide an interesting image set for testing this idea, as there is
a large number of them and recent scholarship has determined that quite a few fakes and
copies exist. Use of this image set allowed us to separate the brain’s response to images
of genuine and fake pictures from the brain’s response to external advice about the authen-
ticity of the paintings. Using functional magnetic resonance imaging, viewing of artworks
assigned as “copy,” rather than “authentic,” evoked stronger responses in frontopolar cor-
tex (FPC), and right precuneus, regardless of whether the portrait was actually genuine.
Advice about authenticity had no direct effect on the cortical visual areas responsive to the
paintings, but there was a signiﬁcant psycho-physiological interaction between the FPC
and the lateral occipital area, which suggests that these visual areas may be modulated
by FPC. We propose that the activation of brain networks rather than a single cortical area
in this paradigm supports the art scholars’ view that esthetic judgments are multi-faceted
and multi-dimensional in nature.
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INTRODUCTION
Viewing art is popular, pleasurable, and for the most part an
unsolved puzzle when it comes to the neurological mechanisms
underpinning this experience. Much of the pioneering work on
the neurology of art tended to focus on what has been called
“neuro-esthetics” and has aspired to tell us why we ﬁnd some-
thing beautiful. This broad-brush approach tells us little about the
complex mechanisms that shape an individual viewer’s response
to a speciﬁc work of art within powerfully determined contexts. In
particular, it is incapable of handling the intricate interactions of
form and content within the framework of strong viewer expec-
tations. If neuroscience is to speak effectively to art historians, it
requires new questions and differentmethods. In this paper we are
testing one such approach, as an early step in realigning the inter-
action of art history and neuroscience. The topic we have selected
is that of how assertions of authenticity shape what we see.
Determinationof the authenticity of artworks is of great impor-
tance in the art world: authenticity brings a scholarly value in
shaping art historical understanding, has direct and potentially
huge consequence for monetary value, and, most relevantly here,
is presumed to have an impact on the individual viewer’s experi-
ence. Declaring an artwork to be a forgery completely changes the
reception of a picture by the viewer; suddenly,“we can see its every
ﬂaw” (Wynne, 2006).
Information about the authenticity of an artwork may there-
fore set a context for the perception of the art, with the capacity to
modulate responses in the visual brain. The modulation of visual
responses by contextual information is the focus of a great deal of
current research. Selective attention (Kastner et al., 1999; Kastner
and Ungerleider, 2000), reward (Shuler and Bear, 2006; Krawczyk
et al., 2007), and working memory (Zaksas and Pasternak, 2006;
Offen et al., 2009) are all examples of changes of context that
set an appropriate bias on lower level responses within the brain.
The viewing of artwork, particularly the pleasure or fascination
it induces (Kawabata and Zeki, 2004, 2008), is also a multi-
dimensional experience, extending beyond the purely visual. The
way in which non-visual information about authenticity may alter
the viewer’s experience has been acknowledged in the context of
art history and scholarship (Bossart, 1961; Goodman, 1976). Sim-
ilar inﬂuences of non-sensory information occur in other sensory
systems and in other culturally signiﬁcant contexts (McClure et al.,
2004).
When attempting to bridge the divide between neuroscience
and studies of art, an initial step has been to summarize the
multi-faceted experience of viewing art with a single rating of
an artwork’s esthetic impact (Kawabata and Zeki, 2004). Although
such a generalization could form a useful starting point, scholars
in the art world have found little of use in such an approach. By
contrast, here we focus on a particular aspect of the viewer’s expe-
rience, which art scholars generally agree is of signiﬁcance, namely
whether a work of art has been assigned as authentic or derivative.
For less expert viewers, advice from experts is highly inﬂuential.
Thus, theremay be a strong effect of social inﬂuence on perception
in this setting (Asch, 1956; Mojzisch and Krug, 2008).
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For this reason, we designed our study to concentrate upon
a highly regarded artist (Rembrandt) and on a particular band
of expertise about that artist among the participants. We sought
participants who were familiar with the name of Rembrandt but
were not expert or trained viewers of art. Studies of expert or
trained viewers are of course potentially of great interest, but we
concluded that the nature of expertise may be highly particular.
For example, there are experts who devote themselves to the study
of fakes. We reasoned that such experts might ﬁnd the viewing
of fakes more rewarding than the viewing of authentic works.
Another example is that experts in modern art might ﬁnd Rem-
brandt relatively unexciting and therefore such persons might
not care much whether they are looking at a fake or authen-
tic picture. On the other hand, a true Rembrandt expert would
be able effortlessly to spot the discrepancies between our assign-
ments of authenticity and the underlying reality as to whether
the images are genuine or fake. All these comments emphasize
that expertise, especially in its elaborated forms, is individual and
particular. For this reason, we concentrated upon the experience
of the average viewer in an art gallery, who will look at the art-
works in the context of advice from experts (displayed on the
gallery wall or in the exhibition guide) about the authenticity of
the works.
Using functional magnetic resonance imaging (fMRI), we
examined thebrain’s response to assignment of authenticity during
the viewing of “Rembrandt” portraits. The assignment of authen-
ticity did not always reﬂect the true status of the work: in reality,
sometimes the viewed artwork was truly authentic and sometimes
it was a copy. Rembrandt portraits are particularly suitable for
our study because there is a large number of examples, both real
and false, whose authenticity has been systematically determined,
although still leaving some room for dispute. Hence we were able
to determine the brain’s response to contextual information gen-
erated by the assignment of authenticity, separately from the visual
impact that is generated by a genuine or fake image.
The pattern of brain responses we identify here indicates that
the major effects of assignment of authenticity are not directly
visual, nor even unitary; rather, changes are observed in the inter-
action between multiple brain regions that all make relevant
contributions to the viewer’s experience.
EXPERIMENTAL METHODS
PARTICIPANTS
Fourteen human participants (8M/6F, age 20–27, two left-handed)
were recruited based on a screening questionnaire (see Appen-
dix). The questionnaire ensured that all participants were ama-
teur viewers (visit art museums <5 times/year; no extensive art
training) and screened out individuals who dislike Rembrandt
to avoid potentially confounding variables. Most importantly, it
conﬁrmed the participant’s familiarity with Rembrandt, with all
participants ranking him among the top 25 artists of all time,
or higher. Establishing such esteem ensures that the difference
between AUTHENTIC and COPY is salient.
All methods were conducted in accordance with NHS Ethics
Reference 06/Q1604/86 and all participants provided written,
informed consent. Each participant was provided with the fol-
lowing instructions before commencing the scanning session.
“In this experiment you will see a sequence of 50 Rembrandt
paintings. Before each image appears, an audio prompt will
announce whether the upcoming painting is ‘authentic’ or
a ‘copy’ (Please see background for further information on
copies).A blank screenwill appear for a few seconds after each
image to allow you to relax your gaze. A ﬁxation cross will
signal for you to focus again and an audio prompt will arrive
shortly for the next image. Interspersed within the sequence
will be three scrambled images. You will be told when to
expect a scrambled image by the audio prompt ‘neither’.”
The following background on Rembrandt and the deﬁnition of
copies of artwork was provided for all participants to read.
Rembrandt is recognized as one of the greatest of all painters
and etchers. Working in Amsterdam, he experienced great
success in the ﬁrst part of his career, while his latter years
were dogged by ﬁnancial problems (largely self-inﬂicted) and
social difﬁculties. He was particularly famed for his portraits,
which seem to present his sitters’ personalities in a profound
manner. No artist ever created such a range of self-portraits,
which seem to comprise a kind of painted autobiography.
“Rembrandt van Rijn, 1606–1669
His early style was relatively detailed and naturalistic, but
his way of handling paint became increasingly free. In his
later works, in particular, thick, vigorous brush strokes, and
large swathes of color evoke forms and textures rather than
describing them in detail. The ﬁgures often emerge fromdark
or neutral backgrounds.
What is a copy?
Rembrandt taught a number of pupils who were adept at
producing work in his various styles. He was much copied
and imitated by painters other than pupils, both in his own
lifetime and later. As prices for his works escalated, he also
became the subject of forgery. What was actually Rembrandt
and what was not by him became very confused. The Rem-
brandt Research Project in Holland was set up to sort out the
confusion. In this experiment,works of art labeled as“COPY”
refer to pieces that were produced by pupils, followers, or
forgers.”
The main idea behind the provision of this information was to
reduce the potential for participants to bring potentially incor-
rect and confounding notions to this study. For example, there
often a good deal of confusion in lay-usage about the word “fake,”
which is often presumed to mean some active attempt at forgery.
Clariﬁcation on points such as these is likely to provide the var-
ious participants and sub-groups of the study with a consistent
contextual setting prior to the main experiment.
At the end of each person’s brain scan, a second questionnaire
(seeAppendix)was conducted to learn about the person’s response
to theRembrandt images. Someof the responses to these questions
were used to assist the interpretation of the outcome of the scan-
ning experiments. This questionnaire also asked aboutwhether the
participants had fallen asleep during all or part of the scanning:
none reported that they had.
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SELECTION AND PRESENTATION OF VISUAL IMAGES
Rembrandt’s portrait works were proliﬁc and much copied, cre-
ating a large set of both genuine and derivative works (Van Son-
nenburg, 1995). We obtained a set of 50 high-resolution, color,
digital reproductions from the University of Amsterdam Rem-
brandt catalog (Seinstra, 2010), carefully selected for a balance of
male and female portraits, in addition to similar numbers of each
pose (frontal, three-quarter pose to the right, and three-quarter
pose to the left). All images were re-sized to ﬁt the 1024× 768
pixel projector screen placed 1210mm from participant, which
resulted in images that were 600 pixels in height (∼20˚ of visual
angle) and varied between 450 and 559 pixels in width.Within this
set of 50 images, half of these (25) have been genuinely attributed
to Rembrandt himself, while the other half are considered to be in
the style of Rembrandt by someone else. Purely for convenience,
we refer to the second of these groups as FAKE, even though not
all of these works have been created as forgeries with intent to
deceive.
Three portraits were scrambled, by converting each image into
the Fourier domain, scrambling the phase of each frequency com-
ponent, and then transforming back into image space (Prins,
2007). The scrambled portraits were interspersed at the begin-
ning, middle, and end of the image sequence to provide a baseline
for the cortical response to unstructured visual stimuli. Scrambled
portraits were cued with the statement: “This is neither.”
Participants were not given speciﬁc viewing instructions and
were told to view each image as they pleased. Each participant
viewed a randomly ordered sequence of 53 images, 25 of which
were cued asAUTHENTIC, 25 cued as COPY, and three scrambled
images cued as NEITHER. The participant heard a statement –
“This is authentic”or“This is a copy”– immediately prior to seeing
an image of a Rembrandt or Rembrandt-like portrait (Figure 1).
Audio recordings were used in place of visual text, to maintain
identical visual stimulation between the two test conditions.
FIGURE 1 | (A) Sample of genuine Rembrandt portrait (REAL); (B) derivative
portrait in the style of Rembrandt (FAKE); (C) sequence of auditory cues
and image presentation; (D) brain activations in occipital and temporal
cortex generated by presentation of portraits after subtraction of activations
generated by scrambled images of portraits; data averaged across 14
participants, red regions show signiﬁcant BOLD activations during period of
image presentation (Z >2.3, p <0.05, corrected for multiple comparisons).
A 15-s viewing time was chosen to balance the interest of maxi-
mizing the number of trials against the provision of adequate time
for a participant to examine a painting as he/she would normally
do, outside of an experimental setting. Average viewing time for a
work of art is reported to be 27 s with a median of 17 s (Smith and
Smith, 2001).With a 15-s viewing/15 s rest paradigm, participants
conﬁrmed that they had adequate time to view each painting and
take a break between trials.
Participants were divided into two groups. Group 1 (4M, 3F)
viewed each painting under the opposite expectation as Group
2 (4M, 3F). For example, the same painting would be cued as
AUTHENTIC to Group 1, and as COPY to Group 2. The sequence
of paintings was kept constant but presented in reverse order
for half of the participants, to control for any effects of lapsing
attention, as participants grew more tired toward the end of the
experiment.
Out of the 25 paintings cued as AUTHENTIC, 13 were true,
authenticated Rembrandts (REAL), and 12 were not (FAKE). Out
of the 25 paintings cued as COPY, 13 were truly copies (FAKE),
12 were truly authentic (REAL). The relative numbers of REAL
and FAKE works were reversed for the AUTHENTIC and COPY
categories for Group 2.
From hereon, the ﬁrst term in upper case refers to the actual
identity of the painting, and second term refers the experi-
mental expectation given each participant, such that a REAL-
AUTHENTIC is both authentic in reality and cued as such; a
FAKE-AUTHENTIC is a derivative work in reality, but is cued
as AUTHENTIC. Omission of the ﬁrst or second term signiﬁes
that the omitted variable is not speciﬁed, and both factors are
included (e.g., AUTHENTIC includes both REAL-AUTHENTIC
and FAKE-AUTHENTIC).
fMRI DATA COLLECTION AND ANALYSIS
Scanning was performed on a Siemens Trio 3T scanner with a
12-channel head coil at the Oxford Centre for Clinical Mag-
netic Resonance Imaging (OCMR). Each functional scan consisted
of 530 volumes collected in 1590s (TR= 3 s, TE= 30ms, voxel
resolution= 2mm× 2mm× 2mm). Whole brain volumes were
acquired to enable analysis of sensory and cognitive regions. We
also acquired for each subject a high-resolution whole head T1-
anatomy scan (MPRAGE 1mm× 1mm× 1mmvoxels, 192 slices,
TR= 15ms, TE= 6.0ms), optimized for gray- and white-matter
separation. All analysis was carried out with the FMRIB Software
Library (FSL; Smith et al., 2004; Woolrich et al., 2009).
Pre-statistical processing was applied as follows: skull and other
non-brain voxels were removed using the brain extraction tool
(BET; Jenkinson et al., 2002; Smith, 2002). Motion correction was
applied with FMRIB’s linear registration tool (MCFLIRT; Jenkin-
son et al., 2002). Data were spatially smoothed using a Gaussian
kernel (full width at half maximum FWHM= 5mm). Highpass
temporal ﬁltering removed low frequency noise and slow drift.
Each voxel’s time series was divided by its mean image inten-
sity and converted to a percent signal modulation and the time
series of voxels within each restricted visual area mask was aver-
aged. Statistical analysis on voxel time series was carried out using
FILM (FMRIB’s improved linear model) with local autocorrela-
tion correction (Woolrich et al., 2001). Low-resolution functional
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data, high-resolution T1-anatomy and standard space templates
were co-registered using FLIRT. Z -statistics were thresholded for
individual voxels at Z = 2.3, p = 0.01, with the cluster signiﬁcance
for multiple comparisons correction set to p = 0.05. Each partici-
pant’s functional activity was registered to Montreal Neurological
Institute (MNI) 152 standard space using FLIRT (Jenkinson and
Smith, 2001). A general linear model (GLM) was applied to each
participant’s data using FMRIB’s fMRI expert analysis tool (FEAT).
A single group average analysis was carried out with FEAT,
which conducts a t -test independently for each voxel, and converts
the resulting t -statistic to a Z -score thresholded at 2.3 (p < 0.01).
Gaussian Random Field Theory was used to correct for multiple
comparisons, the Z -statistic threshold was set to Z = 2.3 with a
cluster signiﬁcance threshold of p = 0.05.
Regions showing signiﬁcant activation in these contrasts were
further characterized by calculating themean%signal change over
a given region of interest (ROI) for each participant using a FEAT-
query. Masks were created to deﬁne each ROI as a sphere centered
upon the peak voxel in the group analysis. A 5-mm radius was cho-
sen by convention for 2mm voxel-size data. A t -test was applied
to the group mean %signal change and group SD. Note that the
GLM analysis and the %signal change both take into account the
between-participant variance, but only GLManalysis also includes
within-participant variance.
Resulting areas of activation were identiﬁed anatomically with
the aid of the Harvard-Oxford Cortical Atlas and by comparing
MNI coordinates to those found in previous literature. For visu-
alization, brain activations were superimposed on the pial surface
of the average brain created in Freesurfer.
A psycho-physiological interaction (PPI) analysis (Friston et al.,
1997) investigates functional connectivity by looking for a differ-
ence in the correlation of activity between two areas during one
psychological condition comparedwith another condition. Due to
the interest in top-downmodulation, the FPC,which differentially
responded toAUTHENTICvs.COPY (Figure 3),was chosen as the
seed ROI. A right FPC mask thresholded at Z = 2 was made from
the group level analysis of COPY–AUTHENTIC. This standard
spacemaskwas then transformed back into the functional space of
each participant using FLIRT (Jenkinson and Smith, 2001). Each
participant’s resulting mask was then used to identify the peak
voxel that will serve as the functional ROI seed for that partici-
pant’s PPI. Selecting each participant’s seed individually accounts
for anatomical heterogeneity across participants, and allows for
reduced seed ROI size, thereby improving the signal.
Three explanatory variables were employed for the PPI;
(1) the psychological regressor, corresponding to the COPY–
AUTHENTIC condition, (2) the physiological regressor, the time-
course of the seed ROI, and (3) the PPI regressor, the interaction
between the psychological and physiological regressors. The PPI
for each subject was then consolidated into a single average group
analysis, following the same speciﬁcations as previously described.
Laterality indices were calculated using the LI-toolbox (Wilke
and Lidzba, 2007) run in SPM8. A weighted-bootstrapping
method of LI calculation was employed using the frontal lobe
standard LI-toolbox template (Wilke and Schmithorst, 2006) dur-
ing COPY trials relative toAUTHENTIC. The LI formula used was
LI= (L−R)/(L+R), therefore resulting in positive values for left
and negative for right lateralization. Apart from the calculation
of laterality index, all the main analyses reported in this paper
were conducted with and without the inclusion of the left-handed
subjects in the data analysis. No substantially different conclusions
were reached.
RESULTS
RESPONSE TO THE VISUAL CONTENT OF THE ARTWORK
Figure 1 presents examples of a genuine Rembrandt portrait
(Figure 1A, REAL) and a derivative or fake (Figure 1B, FAKE),
as well as the presentation sequence for the auditory cue about
authenticity (either AUTHENTIC or COPY) and the visual image
(Figure 1C). To check for an appropriate response to the art-
works, the activation to either AUTHENTIC or COPY relative to
scrambled portraits was measured. The activity, pooled across the
14 participants, yielded a characteristic, three-blob chain, reﬂect-
ing activity in lateral occipital complex (LOC), occipital fusiform
gyrus, and temporal occipital fusiform cortex, based on Harvard-
Oxford Cortical Atlas (Figure 1D, RED regions,Z > 2.3, corrected
for multiple comparisons). Both stimulus types elicited similar
patterns of activity. The area on the fusiform gyrus selectively
responds to images of faces (Kanwisher et al., 1997), and the LOC
and temporal fusiform cortex have been found to be involved in
object recognition (Grill-Spector et al., 1999; Ishai et al., 2000).
ASSIGNMENT AS COPY OR AUTHENTIC GIVES SPECIFIC ACTIVATIONS
IN NON-VISUAL AREAS
The occipito-temporal areas of the cerebral cortex are known to be
visual and these areas provided responses speciﬁc to the structure
of the portrait images. Therefore, we also examined these areas
to test whether they were differentially activated in response to
assignment of authenticity, but nothing signiﬁcant emerged.How-
ever, other brain regions, outside these areas, did have differences
in response to assignment of authenticity.
Interestingly, the more distinct differences were in favor of
greater activations during the COPY condition (Figure 2A, RED
regions, Z > 2.3, cluster-corrected for multiple comparisons).
Across the entire frontal lobe, there was a bias toward greater
activation to COPY assignment in the right hemisphere in right-
handed subjects. This was evident in the frontopolar cortex [FPC;
Right hemisphere: Montreal Neuroscience Institute (MNI) coor-
dinates (32, 58, 0) mm;% signal change 0.14 p < 0.001 Bonferroni
corrected], the middle frontal gyrus [MNI coordinates (44, 18, 38)
mm; signal change 0.11; p < 0.01 Bonferroni corrected] and the
posterior precuneus [MNI coordinates (4,−66, 36) mm; % signal
change 0.15; p < 0.01 Bonferroni corrected].
The degree of bias toward right hemisphere activation in right-
handed subjects varied between individuals. Furthermore, exami-
nation of the responses in FPC for the two left-handed individuals
in the study showed the largest bias in favor of the left frontal lobe.
A formal test using the Laterality Index (Wilke and Lidzba, 2007)
conﬁrmed that there was a signiﬁcant laterality shift toward right
hemisphere activation of the frontal lobe in right-handed partici-
pants (Bootstrap method; Wilke and Schmithorst, 2006, p < 0.05;
two-tailed; Figure 2B). More data using this paradigm with more
left-handed subjects would be needed to determine whether their
frontopolar activations are lateralized in the left hemisphere.
There was also a modest increase in the activation of
medial orbitofrontal cortex during the AUTHENTIC condition
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FIGURE 2 | (A) Activation (Z >2.3, corrected) to the assignment of
authenticity (AUTHENTIC vs. COPY). Upper: frontal, lateral, and medial
views of right cortical hemispheres of right-handed participants, greater
activation to COPY (red) in right frontopolar cortex (FPC; signal change
0.14%, p <0.001, Bonferroni corrected); greater activation to COPY (red) in
middle frontal gyrus (signal change 0.11%, p <0.01, Bonferroni corrected);
and greater activation to COPY (red) in right posterior precuneus (signal
change 0.15%, p <0.01, Bonferroni corrected). Lower: medial views of left
and right cortex; greater activation to AUTHENTIC (blue) in medial
orbitofrontal cortex: left, signal change 0.39%, p >0.05; right, signal change
0.09%, p <0.01, Bonferroni corrected; and greater activation to COPY (red)
in right posterior precuneus. (B) Distribution of lateralization index (+1
right-sided, 0 balanced, −1 left-sided) for FPC activation for right-handed
(BLUE) and left-handed (RED) participants.
(Figure 2A; BLUE regions, Z > 2.3, uncorrected for multiple
comparisons [Right hemisphere: MNI coordinates (4, 36, −22)
mm; % signal change 0.39, p > 0.05 NS. Left hemisphere: MNI
coordinates (−12, 42, −16) mm; % signal change 0.09, p < 0.01,
Bonferroni corrected]. Inclusion of activations from all partic-
ipants (right and left-handed) slightly improves the statistical
power and conﬁrms that the orbitofrontal activations appear to
be bilateral.
PSYCHO-PHYSIOLOGICAL INTERACTION WITH THE OCCIPITAL CORTEX
Although therewas no difference in the response of visual cortex to
COPY and AUTHENTIC assignments, further analysis indicated
a highly speciﬁc link between the signals in FPC and those in
the visual cortex. PPI analysis aims to investigate changes in the
interaction between two brain areas under different psychologi-
cal conditions (Friston et al., 1997). Since FPC showed activation
to COPY>AUTHENTIC, this region is a potential source of
top-down modulation of visual responses.
Figure 3A plots the responses of a voxel in the occipital cortex
as a function of the responses of the peak-responding voxel in right
FPC, separately for the COPY and AUTHENTIC assignments,
for a single participant. The COPY condition induces a stronger
correlation between the signals in the two brain regions. These
correlated signals are evident in the group PPI for right-handed
participants (Figure 3B), which showed signiﬁcantly higher cor-
relation of activity between the FPC ROI seed and several visual
areas, including the LOC bilaterally (Z = 2.3, p < 0.01; corrected
for multiple comparisons). A PPI is also found in visual cortex in
association with activation of right precuneus although the extent
of activation is greater in the left hemisphere (Figure 3B).
The PPI is identiﬁed within the context of a regression model
with main effects (activation of each cortical area independently)
and an interaction term (co-activation of two cortical areas,
assessed by the correlation between activated voxels in the two
areas), in which a statistical test is applied to test whether the
co-activation is changed by the psychological condition (in our
case, the assignment of authenticity). As such, the analysis cannot
identify the direction of causality between the two cortical areas.
We examined the time-course of activations in FPC and occipital
cortex for evidence that the activations in one region preceded
another in time. There was no clear evidence for such an effect,
although the unambiguous identiﬁcation of such differences in
timing is often difﬁcult (Smith et al., 2011).
Overall then, for our results, a signiﬁcant statistical outcome is
consistent with a top-down signal from FPC to occipital regions
or a redirection of outputs from occipital regions away from other
cortical regions toward FPC, with no net change in the activation
of the occipital regions. A third, and in some waysmost likely, pos-
sibility is that there is an increase in the cortical signaling that is
passing in both directions between the two cortical regions (FPC
and occipital).
DISTINCTION OF REAL AND FAKE ARTWORKS
Finally,we examinedwhether therewere any differences in the cor-
tical responses to the REAL and FAKE Rembrandts, regardless of
the assignment of authenticity. The only small difference we found
was conﬁned to the neighborhood of the calcarine sulcus, which
we attribute to small mismatches of contrast or visual symmetry
between the chosen image sets (see Appendix, Figure A1).
DISCUSSION
Viewing of portrait art elicited the predicted activation in lat-
eral visual cortical areas, corresponding to regions sensitive to
faces and object recognition. However, these areas were not dif-
ferentially activated by the cue of authenticity. Other areas were
signiﬁcantly activated by the assignment of authenticity, including
the right FPC, right middle temporal gyrus, right precuneus, and
orbitofrontal cortex.
The COPY assignment resulted in the stronger activations, in
FPCand right posterior precuneus. Tounderstand these outcomes,
it is important to recall that, in response to the cue that the artwork
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FIGURE 3 | Responses of right frontopolar cortex (FPC) and precuneus
and their interaction with visual processing of images. (A) Functional
activations, under COPY and AUTHENTIC assignments, of occipital regions
of a single participant plotted against activations in right FPC. Stronger
correlation between signals under COPY assignment (r =0.46; p <0.0001)
compared with AUTHENTIC (r =0.11; p >0.2). (B) Psycho-physiological
interaction (PPI) on group data from all right-handed participants, showing
regions of occipital cortex whose correlation with right FPC (upper) and
precuneus (lower) increases signiﬁcantly in the COPY condition compared
with the AUTHENTIC.
was a COPY, many participants reported that they were actively
engaged in trying to detect the ﬂaws in the presented image to gain
conﬁrmatory evidence in favor of the assignment. Participants also
reported that their working hypothesis about what distinguished
genuine and derivative works shifted over time as they viewed
more images.
Activation of FPC (Brodmann area 10) has been obtained pre-
viously in studies that require information to be held in working
memory: what is similar and relevant to our current study is that
these are tasks in which multiple goals and hypotheses are being
evaluated at the same time (Koechlin and Hyaﬁl, 2007). Given
that art experts combine multiple sources of information to make
judgments about authenticity, the activations of FPC observed
in this study are consistent with the idea that our participants
are actively building hypotheses about the visual content of the
images to determine which are genuine and which are not. The
right middle temporal gyrus is often activated in working mem-
ory tasks, particularly those in which participants are processing
spatial information (Leung et al., 2002).
The precuneus has been associated with many higher cogni-
tive functions, including consciousness, aspects of memory and
the experience of agency (Cavanna and Trimble, 2006), but it has
been argued recently that this diversity of results may partly reﬂect
a failure to identify clearly the functional compartments of this
cortical region (Margulies et al., 2009). The activation seen in this
study is clearly lateralized to the right andwithin the posterior zone
closely connectedwith visual cortical areas.Given that participants
reported that they were actively engaged in hypothesis-seeking
about visual images, our ﬁndings are consistent with the proposal
that the posterior precuneus forms part of a network with other
cortical areas that are more purely visual (Dejong et al., 1994) in
their responsiveness.
Both the PFC and precuneus show a PPI with regions of the
occipital lobe: the distribution of occipital, cortical areas identi-
ﬁed in the PPI (Figure 3B) is similar to the cortical activations
generated by the paintings themselves (Figure 1). This result is
particularly interesting as it suggests a greater functional interac-
tion between an executive function in FPC and sensory signals in
LOC,when images are cued as COPY. The only region activated by
assignment of AUTHENTIC was the orbitofrontal cortex, which
has been associated with reward and monetary gain (Gottfried
et al., 2003; Gold and Shadlen, 2007; Padoa-Schioppa and Assad,
2008), presumably reﬂecting the increase in the perceived value of
the artwork. Since this result is strongly expected based on cur-
rent hypotheses about the function of orbitofrontal cortex, the
presence of this signiﬁcant activation gives important support to
our experimental paradigm. Since the assignment of a portrait
as AUTHENTIC enhances the perceived value in the eye of the
viewer, we can conclude that the method of delivering advice to
the participants in this study was effective and relevant.
The design of our study needed to balance the experience of
free viewing typical during art appreciation and the detailed level
of experimental control achieved in many neuroscientiﬁc studies.
Viewing computer presentations of artwork whilst lying supine
in the brain scanner is vastly different from viewing artwork in a
gallery space, or even looking at reproductions in books in nor-
mal contexts. Equally, there was no speciﬁc task in relation to
each image presentation and eye movements could roam freely
across the image. These features allow some license in the cogni-
tive strategies that individual participants might employ during
this experiment. Nonetheless, the focus on artwork of a particu-
lar style in combination with a clear methodological question has
yielded some striking results.
The brain areas, which we ﬁnd are activated by assignment of
authenticity, emphasize the cognitive element of viewing artwork.
Authenticity is just one component of the viewer’s experience dur-
ing the appreciation of a work of art. Even so, manipulation of
this individual element subtly modulates the interaction between
multiple brain regions of the participants. It may be said that one
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of the tasks of a writer on art is to achieve such a modulation in
the viewers’ responses. Additionally, the production of new art-
work is generally held to initiate a transaction between the artist
and the prospective viewers, within a social and cultural context
that is often fuzzy and soft-edged – and therefore very susceptible
to direction. The brain interactions that we have identiﬁed form
part of the way that humans respond in this social and cognitive
setting.
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APPENDIX
BRAIN RESPONSES TO REAL AND FAKE REMBRANDT PORTRAITS
The focus of themain studywas the brain’s response to assignment
of authenticity rather than authenticity of the artworks depicted
by the images. Nonetheless, the design of the experimental pro-
tocol makes it possible to use the same data set to determine
whether the brain responds differently to images of REAL and
FAKE Rembrandt portraits. The analysis methodology was iden-
tical to that in the main paper, except that in this case the contrast
visualREAL> visualFAKE is of primary interest. The outcome is
shown in Figure A1. This shows that all signiﬁcant differences in
REAL and FAKE portraits are conﬁned to early visual areas in the
close neighborhood of the calcarine sulcus (marked CS in Figure).
The pattern of response is such that the REAL images generate
stronger responses in left visual cortex and FAKE images gener-
ate stronger responses in right visual cortex. Almost certainly, this
does not indicate a lateralized brain response to REAL and FAKE
images. The most probable cause is a small mismatch in the dis-
tribution of small image features or contrast in the two sets of
images, which our selection procedure had failed to eliminate.
Although the images were carefully chosen to balance the num-
bers of left and right three-quarter views, it is nonetheless all too
easy for some small bias of this kind to remain. This interpreta-
tion is consistent with the absence of activations anywhere else
in the brain and most particularly, the absence of activations for
visualREAL> visualFAKE that correspond in cortical location to
the activations to visualAUTHENTIC> visualCOPY presented in
the main paper. We also examined the data set for interactions
between the AUTHENTIC>COPY and REAL> FAKE contrasts
but nothing additional emerged.
SCREENING QUESTIONNAIRE
The following questionnaire was applied to all potential partici-
pants before recruiting them to ensure that all participants were
amateur viewers (visit art museums 5 times/year; no extensive
art training). The process also screened out individuals who dis-
like Rembrandt. To avoid potentially confounding variables. Most
importantly, it conﬁrmed their familiarity with Rembrandt’s fame
among artists, with all participants ranking him among the top 25
artists of all time, or higher
1. Howoften do you visit art exhibitions, galleries, ormuseums?
a. 0 times/year
b. 1–4 times/year
c. 5–10 times/year
d. 11–15 times/year
e. 16–20 times/year
2. Have you heard of the artist Rembrandt? (Y/N)
3. How familiar are you with the work of Rembrandt? (on a scale
of 1–5)
1. Never seen any of his work
2. Somewhat familiar
3. Familiar
FIGUREA1 | Activation (Z>2.3, uncorrected) in the calcarine sulcus
(CS) dependent on whether or not the person was viewing an image
of a genuine Rembrandt (REAL vs. FAKE). No other signiﬁcant activations
were observed elsewhere in the brain to this comparison.
4. Very familiar
5. Extremely familiar
4. How much do you like the work of Rembrandt? (on a scale of
1–5)
1= strongly dislike
2= somewhat dislike
3= neutral
4= somewhat like
5= strongly like
5. Would you consider Rembrandt to be one of. . .
a. the top 5 most famous artists of all times
b. the top 10
c. the top 25
d. the top 50
6. Do you have any visual arts-related interests, hobbies, or skills?
(Please specify the duration of involvement).
POST-SCAN QUESTIONNAIRE
The following questionnaire was applied to all participants imme-
diately after their session in theMRI scanner. The verbal responses
were used to check that participants had remained alert and
active during the scan and to highlight subjective aspects of the
participants’ experiences.
1. How was it? Did you fall asleep or blank out at any point?
(Opportunity to let themmake any comments, and for PI to be
aware of any speciﬁc circumstances).
2. What did you think of the authentic paintings vs. the copies?
Any differences?
3. Did you have a particular approach or strategy for looking at
each image? (e.g., some people start with the face, some focus
on the colors or the lighting).
4. What were you thinking about during the breaks between each
image?
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